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(54) Wheel structure 

(57) A wheel structure for vehicles, capable of 
reducing a columnar resonance sound occurring in a 
wheel during a travel of a vehicle. A cross-sectional 
shape of a closed space 5 defined by a wheel 10 and a 
tire 1 is varied in the circuferential direction so that a 
columnar resonance frequency in the closed space 5 
varies with a rotation of a wheel unit 12. 
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Description 

BACKGROUND OF THE INVENTION: 
FIELD OF THE INVENTION: 

[0001] This invention relates to an improvement in a 
wheel structure for vehicles. 

DESCRIPTION OF THE RELATED ART: 

[0002] Fig. 10 is a schematic diagram of a wheel 
which has heretofore been used, and which will be 
described with reference to Fig. 10. It has heretofore 
been known that columnar resonance occurring in a 
closed space defined by a tire 1 and a wheel 10 causes 
the deterioration of a load noise during a travel of a vehi- 
cle. To be more exact, the columnar resonance is a res- 
onance sound occurring when random vibration 
inputted from a road surface into the tire vibrates the air 
in the closed space 5 to cause a resonance phenome- 
non to occur in the vicinity of a columnar resonance fre- 
quency of the closed space 5. 

[0003] This columnar frequency is generally deter- 
mined on the basis of an equation: 

f-c/27tr 

wherein (f) is a columnar resonance frequency, (c) a 
sound velocity, and (r) a distance between the center of 
a wheel and a radially intermediate portion 20 of the 
closed space but peaks of the columnar resonance fre- 
quency occur plurally in practice due to the deformation, 
which is ascribed to the weight of the vehicle, of a 
ground contacting surface of the tire. Anyway, a cross- 
sectional shape of the closed space 5 is constant at all 
times irrespective of the rotation of the wheel 12. There- 
fore, in a related art wheel structure, a value of the (r) of 
the above equation becomes constant. Accordingly, 
columnar resonance occurs with the same columnar 
resonance frequency at all times, and the resonance 
sound becomes offensive to the ear. 
[0004] As a method of eliminating noise from a 
wheel, Japanese Patent Laid-Open No. 11704/1997 
discloses techniques for reducing a noise of a wheel by 
providing a substantially cylindrical ring including a layer 
formed of at least one viscoelastic material on an outer 
circumferential surface of the wheel to thereby absorb 
mechanical vibration of the wheel. However, these tech- 
niques do not fundamentally hold down the occurrence 
of a columnar resonance sound, so that a satisfactory 
noise reducing effect cannot be obtained. 

SUMMARY OF THE INVENTION: 

[0005] The invention has been made in view of the 
above-mentioned circumstances, and provides a wheel 
structure for vehicles, capable of effectively reducing a 



noise occurring due to a columnar resonance sound in 
a closed space in a wheel. 

[0006] According to an aspect of the invention, the 
wheel structure has a wheel, and a tire fitted on an outer 

5 circumference of the wheel, a cross-sectional shape of 
a closed space defined by the wheel and tire being var- 
ied in a circumferential direction thereof so that a colum- 
nar resonance frequency of the closed space varies 
with a rotation of the wheel. 

10 [0007] According to another aspect of the invention, 
projections are provided in parts of an inner side of the 
closed space, whereby a cross-sectional shape of the 
closed space varies in the circumferential direction 
thereof. 

15 [0008] According to still another aspect of the 
invention, the projections are provided on an outer cir- 
cumferential surface of a rim portion of the wheel. 
[0009] According to a further aspect of the inven- 
tion, the projections are provided on an inner circumfer- 

20 ential surface of a tread of the tire. 

[0010] According to another aspect of the invention, 
the projections are provided on inner circumferential 
surfaces of side walls of the tire. 
[0011] According to still another aspect of the 

25 invention, a length of each of the projections 15 is sub- 
stantially 1/4 of a circumferential length of the tire, two 
projections being provided in a circumferentially equally 
spaced manner. 

[0012] According to a further aspect of the inven- 
30 tion, a ratio of a cross-sectional area of each of the pro- 
jections to that of the closed space which is not provided 
with the projection is set substantially not smaller than 
2.5%. 

[0013] According to another aspect of the invention, 
35 a circumferentially irregularly surfaced belt is fitted on 
an outer circumferential surface of the rim portion of the 
wheel to thereby circumferentially vary a cross-sectional 
shape of the closed space. 

[0014] According to still another aspect of the 
40 invention, the outer circumferential surface of the rim 
portion of the wheel is formed irregularly in the circum- 
ferential direction to thereby circumferentially vary a 
cross-sectional shape of the closed space. 
[0015] According to a further aspect of the inven- 
45 tion, the closed space is formed so that a ratio of a 
length of a radially longest portion thereof to that of a 
radially shortest portion thereof becomes substantially 
not larger than 97%. 

50 BRIEF DESCRIPTION OF THE DRAWINGS: 

[0016] Preferred embodiments of the invention will 
be described in detail on the basis of the following fig- 
ures, wherein: 

55 

Fig. 1 is a perspective view of wheel in a first mode 

of embodiment of the invention; 

Fig. 2 is a schematic side view illustrating the oper- 
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ation of the wheel in the first mode of embodiment 
of the invention; 

Fig. 3 is a schematic side view illustrating the oper- 
ation of the wheel in the first mode of embodiment 
of the invention; 5 
Fig. 4 is a diagram comparatively showing noise . 
level characteristics with respect to a columnar res- 
onance frequency in the first mode of embodiment 
of the invention and those of a related art wheel; 
Fig. 5 is a diagram comparatively showing noise 10 
level characteristics with respect to a resonance 
frequency of the wheel in the first mode of embodi- 
ment of the invention and those of a related art 
wheel; 

Fig. 6 is a perspective view of a wheel in a second 15 
mode of embodiment of the invention; 
Fig. 7 is a schematic side view of a wheel in a third 
mode of embodiment of the invention; 
Fig. 8 is a schematic side view a wheel in a fourth 
mode of embodiment of the invention; 20 
Fig. 9 is a schematic view of a wheel in another 
mode of embodiment of the invention, wherein: 
Fig. 9A is a side view; and 

■ Fig. 9B is a schematic view showing a cross section 
taken along the arrow-carrying line K-K in Fig. 9A; 25 
and 

Fig. 10 is a schematic side view of a related art 
wheel. 

DESCRIPTION OF THE PREFERRED EMBOD1- 30 
MENTS: 

[0017] Modes of embodiment of the invention will 
now be described with reference to the drawings. Figs. 
1-5 show a first mode of embodiment of the wheel struc- 35 
ture for vehicles according to the present invention, Fig. 
6 a second mode of embodiment of the wheel structure 
for vehicles according to the present invention, Fig. 7 a 
third mode of embodiment of the wheel structure for 
vehicles according to the present invention, Fig. 8 a ao 
fourth mode of embodiment of the wheel structure for 
vehicles according to the present invention; and Fig. 9 
another mode of embodiment of the wheel structure for 
vehicles according to the present invention. Referring to 
Figs. 1-9, structural parts identical with those of the 45 
above-described related art wheel structure will be des- 
ignated by the same reference numerals. 
[0018] First, a first mode of embodiment of the 
wheel structure for vehicles according to the present 
invention will be described. As shown in Fig.1, four side 50 
elevationally arcuate bulkheads (projections) 15 each of 
which has a length of about 1/8 of that of the whole of an 
outer circumferenctial surface 3 of a rim portion 6 of a 
wheel 10 of a vehicle are arranged at regular intervals 
on the same outer circumferential surface 3, whereby a 55 
cross-sectional shape of a closed space 5 enclosed 
with and defined by a tire 1 and a wheel 10, which con- 
stitute a wheel unit 12, is varied in the circumferential 



direction thereof as shown in Fig. 3. 
[0019] The first mode of embodiment of the wheel 
structure for vehicles according to the present invention 
is formed as described above. Accordingly, a columnar 
resonance frequency in the closed space in a condition 
A in which a bulkhead 15 does not exist as shown in Fig. 
2 on the part of the outer circumferential surface 3 of the 
rim portion 6 which is opposed to a ground contacting 
surface 17 of the tire and that of the closed space in a 
condition B attained after the wheel unit in the condition 
A makes a substantially 1/8 turn to have a bulkhead 15 
positioned on the above-mentioned part of the outer cir- 
cumferential surface 3 are different. Referring to Figs. 2 
and 3, a reference numeral 20 denotes a radially inter- 
mediate portion of the closed space 5. 
[0020] To be more exact, when the part of the outer 
surface of the tire which is just under the part of the rim 
portion 6 which has a bulkhead 15 contacts a ground 
surface, a distance H B between the portion of an inner 
circumferential surface 8 of the tire which corresponds 
to the ground contacting surface 17 of the tire and the 
portion of the outer circumferential surface 3 (a surface 
27 of the bulkhead 15) of the wheel 10 becomes shorter 
by a level corresponding to the height of the bulkhead 
1 5 than that H A between the mentioned parts in a case 
(condition A) where the part of the outer surface of the 
tire which is just under the part of the rim portion which 
does not have a bulkhead 15 contacts the ground sur- 
face. Therefore, the radially intermediate portion 20 of 
the closed space 5 is displaced toward the side of the 
outer circumferential surface of the wheel unit 12. 
[0021] Accordingly, in the condition A, and B, the 
height in cross section of the ground contacting portion 
of the closed space 5 is different. Also, the position of 
the part of the radially intermediate portion 20 of the 
closed space which corresponds to the ground contact- 
ing portion of the tire is different. Since the columnar 
resonance frequency is determined in accordance with 
a distance (r) between the center of a wheel unit and a 
radially intermediate portion 20 thereof as mentioned 
above, the columnar resonance frequencies in the 
respective condition become different. The columnar 
resonance frequency is varied continuously with the 
rotation of the wheel unit 12 between the levels a, a' 
(refer to a solid line designated by the word "Embodi- 
ment") in the condition A and levels b, b* (refer to a bro- 
ken line designated by the word "Embodiment") in the 
condition B as shown in Fig. 4. 
[0022] Consequently, in a related art wheel struc- 
ture in which a columnar resonance frequency in a 
closed space 5 is constant irrespective of a rotation of a 
wheel unit 12, resonance (refer to a one-dot chain line 
designated by words "Related art example") occurs with 
the same frequency at all times even when the wheel 
unit 12 is rotated. On the other hand, in the above- 
described mode of embodiment of the wheel structure, 
the columnar resonance frequency varies cyclically in 
every 1/4 turn of the wheel unit 12, so that the length of 
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the time during which resonance occurs with a single 
frequency decreases. Therefore, as shown by the solid 
line and broken line in Fig. 4, a noise level relative to a 
columnar resonance frequency becomes low. Moreo- 
ver, since the columnar resonance frequency has vari- 5 
ous levels, a sound pressure level decreases, and this 
enables a driver to rarely feel noise. 
[0023] When a noise level of columnar resonance 
lowers, an amplitude by vibration in a region of colum- 
nar resonance frequency transmitted to the wheel 10 10 
also lowers, so that noise occurring due to the reso- 
nance of the wheel 10 ascribed to the columnar reso- 
nance can also be reduced. 

[0024] The wheel 10 has characteristic frequencies 
of two modes, i.e. a bell mode in which both end por- 15 
tions in the longitudinal direction of a vehicle of the 
wheel 10 are displaced around a spindle in the opposite 
directions with respect to the width wise direction of the 
vehicle, and resonate, and a bending mode in which the 
mentioned portions of the wheel are displaced around 20 
the spindle in the same direction with respect to the 
widthwise direction of the vehicle, and resonate. When 
these two characteristic frequencies exist in a frequency 
region in the vicinity of a columnar resonance frequency 
the amplitude of which is still larger than those of other 25 
frequencies out of the frequencies inputted into the 
wheel 10, the resonance of the wheel 10 is amplified, 
and this would render it unable to reduce the noise level 
effectively. 

[0025] However, the characteristic frequency in the 30 
above-mentioned bending mode is proportional to a 
bending rigidity of the wheel 10, and that in the bell 
mode in inverse proportion to the weight of the wheel 
10. Therefore, when the above-mentioned bulkheads 15 
are provided on the outer circumferential surface 3, the 35 
bending rigidity of the wheel 10 is improved with the 
characteristic frequency in the bending mode increasing 
accordingly, the weight of the wheel 10 increasing with 
the characteristic frequency in the bell mode decreasing 
accordingly. Therefore, as shown by a solid line in Fig. 40 
5, even when the characteristic frequencies of the wheel 
10 are in the columnar resonance frequency region, the 
two characteristics can be removed from the columnar 
resonance frequency region by regulating the thickness 
of, a material for, and the weight of the bulkheads 15. 45 
This can prevent the amplification (refer to a one-dot 
chain line in Fig. 5) of resonance of the wheel 10 which 
readily occurs in a related art wheel structure. 
[0026] A second mode of embodiment of the wheel 
structure for vehicles according to the invention will now 50 
be described. As shown in Fig. 6, in this wheel structure, 
a band 30 is wound around an outer circumferential sur- 
face 3 of a rim portion 6 of a wheel 10. This band 30 is 
provided with fastener portions 28 at both ends thereof, 
and has a continuous irregular shape in side elevation. 55 
The band is wound around the outer circumferential sur- 
face 3 of the rim portion 6 of the wheel 10, and fixed by 
combining with each other the fastener portions 28 at 



both ends thereof. Owing to this band 30, a cross-sec- 
tional shape of a closed space 28 is varied in the cir- 
cumferential direction. 

[0027] Since the second mode of embodiment of 
the wheel structure for vehicles according to the inven- 
tion is formed as described above, it is possible not only 
to effectively obtain a noise reducing effect substantially 
identical with that obtained in the above-described 
mode of embodiment but also to simplify the manufac- 
turing step and carry out an after-band-fixing-operation. 
[0028] A third mode of embodiment of the wheel 
structure for vehicles according to the invention will now 
be described. 

[0029] As shown in Fig. 7, an outer circumferential 
surface 3 of a rim portion 6 of a wheel 10 in this wheel 
structure is formed to a shape other than a true circular 
shape. 

[0030] The third mode of embodiment of the wheel 
structure according to the invention is formed in this 
manner so as to vary a cross-sectional shape of a 
closed space 5 in the circumferential direction. Accord- 
ingly, a noise reducing effect substantially identical with 
that of each of the above-described modes of embodi- 
ment is obtained. 

[0031] A fourth mode of embodiment of the wheel 
structure for vehicles according to the invention will now 
be described. As shown in Fig. 8, bulkheads 15' in this 
wheel structure are provided on parts of inner circumfer- 
ential surface of a tire, whereby a cross-sectional shape 
of a closed space 5 is varied in the circumferential direc- 
tion. 

[0032] The fourth mode of embodiment of the 
wheel structure according to the invention is formed in 
this manner so as to vary a cross-sectional shape of the 
closed space 5 in the circumferential direction. Accord- 
ingly, a noise reducing effect substantially identical with 
that in each of the above-described modes of embodi- 
ment is obtained. 

[0033] In the above-described modes of embodi- 
ment, noise is reduced by forming the closed space so 
that the distance (r) (length of the radially intermediate 
line in the closed space 5) between the center of the 
wheel and the radially intermediate portion 20 of the 
closed space 5 varies with the rotation of the wheel unit 
12 to thereby produce an effect in varying the columnar 
resonance frequency in the closed space 5 during the 
rotation of the wheel unit 12. Owing to the study made 
by the developers of the present invention, it has 
become clear that, even when the cross-sectional 
shape of the closed space 5 is varied so that the cross- 
sectional area of the closed space varies with the rota- 
tion of the wheel unit 12, the columnar resonance fre- 
quency in the closed space 5 can be varied by the 
rotation of the wheel unit 12. 

[0034] For example, when bulkheads 15" are pro- 
vided on inner surfaces of side portions of a tire with 
respect to the widthwise direction of the tire as shown in 
Figs. 9A and 9B, the cross-sectional area of the portion 
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projections 15 are provided on an outer circumfer- 
ential surface 3 of a rim portion of the wheel 10. 

4. A wheel structure according to Claim 2, wherein the 
5 projections 15 are provided on an inner circumfer- 
ential surface 8 of a tread of the tire 1. 

5. A wheel structure according to Claim 2, wherein the 
projections are provided on inner circumferential 

w surfaces 8 of side walls of the tire 1 . 

6. A wheel structure according to Claim 2, wherein a 
length of each of the projections 15 is substantially 
1/4 of a circumferential length of the tire 1 , two pro- 
fs jections 15 being provided in a circumferentially 

equally spaced manner. 

7. A wheel structure according to Claim 2, wherein a 
ratio of a cross-sectional area of each of the projec- 

20 tions 1 5 to that of the portion of the closed space 5 
which is not provided with the projection 15 is set to 
substantially not lower than 2.5%. 

8. A wheel structure according to Claim 1 , wherein a 
25 circumferentially irregularly surfaced band 30 is fit- 
ted on an outer circumferential surface 3 of the rim 
portion of the wheel 1 to thereby circumferentially 
vary a cross-sectional shape of the closed space 5. 



of the closed space 5 which corresponds to the ground 
contacting surface 17 of the tire in the condition in which 
a bulkhead 15" exists in the mentioned portion and that 
of the same portion of the closed space 5 in the condi- 
tion in which a bulkhead 15" does not exist in the same 
portion differ from each other. Therefore, noise can be 
reduced by varying the columnar resonance frequency 
by the rotation of the wheel unit 12 in the same manner 
as in the above-described modes of embodiment. 
[0035] These modes of embodiment are formed by 
arranging four or two bulkheads 15, 15'and 15". When 
the wheel structure is formed by arranging two bulk- 
heads, each of which has a length substantially 1/4 of 
the whole circumferential length of the outer circumfer- 
ential surface 3 of the rim portion 6 of the wheel 10, on 
the inner surface of a tire or on the mentioned outer cir- 
cumferential surface 3 at regular intervals, the time dur- 
ing which resonance occurs with a single columnar 
resonance frequency can be reduced most, and noise 
can also be lowered to the greatest extent. 
[0036] When a distance of the radially shortest por- 
tion of the closed space 5 which is other than the portion 
thereof which corresponds to the ground contacting sur- 
face 17 of a tire is set to not larger than 97% (or sub- 
stantially not larger than 97%), or, when the cross- 
sectional area of a bulkhead 15 is set to not smaller than 
2.5% (or substantially not smaller than 2.5%) with 
respect to that of the portion of the closed space 5 
which is not provided with a bulkhead, the columnar res- 
onance frequency can be staggered effectively, and a 
larger noise reducing effect is obtained. 
[0037] In the wheel structure for vehicles according 
to the present invention described above, the time dur- 
ing which resonance occurs with a single columnar res- 
onance frequency can be reduced, and a level of noise 
occurring due to columnar resonance can be lowered. 

Claims 

1 . A wheel structure comprising: 



30 9. A wheel structure according to Claim 1 , wherein the 
outer circumferential surface 3 of the rim portion of 
the wheel 1 is formed irregularly in the circumferen- 
tial direction to thereby circumferentially vary a 
cross-sectional shape of the closed space 5. 

35 

10. A wheel structure according to Claim 1 , wherein the 
closed space 5 is formed so that a ratio of a length 
of a radially longest portion thereof to that of a radi- 
ally shortest portion thereof becomes substantially 
40 not larger than 97%. 



a wheel 10, and 

a tire 1 fitted on an outer circumference of the 
wheel 10, 

a cross-sectional shape of a closed space 5 45 
defined by the wheel 10 and tire 1 being varied 
in a circumferential direction thereof so that a 
columnar resonance frequency in the closed 
space 5 varies with a rotation of a wheel unit 
12. 50 



2. A wheel structure according to Claim 1, wherein 
projections 15 are provided on parts of an inner 
side of the closed space 5, whereby a cross-sec- 
tional shape of the closed space 5 is varied in the 55 
circumferential direction thereof. 



3. A wheel structure according to Claim 2, wherein the 
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